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Abstract—Mannitol-fermenting bacteria are
used to trace export from kelp beds along the
west coast of the Cape Peninsula, South Afri-
ca. Under active upwelling conditions these
bacteria are found in the water 4.5 km offshore
and are probably exported to a distance of at
least 8-9 km. During the relaxation phase of
upwelling the kelp bed water is contained in
a narrow band close to shore and no manni-
tolytic bacteria are found 4.5 km offshore.

Mucilage released into the water dur-
ing fragmentation of kelp fronds (Hatcher
et al. 1977; Johnston et al. 1977) can sup-
port a bacterial production of 14-18 g dry
wi-m * yr ! in nearshore, kelp bed waters
of the west coast of the Cape Peninsula,
South Africa (e.g. Linley et al. 1981; Lin-

Tov and Newell 1TOR1Y Tha

Nnrinainal Nnrio
AU Y aliu 1NUT VWUl Lvuad/.

l.l.lD k}ll.l.l\/lkl(ll LIJ.J__
mary photosynthetic product of the two
dominant kelp species in the system,
Laminaria ;n"”m’ﬂ (Grev.) 1. Agr. and
Ecklonia maxima Osbeck, is the polyol
D-mannitol, which accounts for as much
as 77% of the free reducing sugars and
polyols in the mucilage (Newell et al.
1980; Stuart et al. 1981).

Waters adjacent to the Cape Peninsula
are subject to strong upwelling, and off-
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vigorous (Andrews and Hutchings 1980;
Field et al. 1980); the mucilage products
are transported offshore under these con-
ditions. Quantltatlve estlmatlon of this
transport is complicated by both the large
dilution factors involved and the possible
rapid utilization of the kelp derived car-
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cas et al. 1981; Newell and Lucas 1981).
Preliminary studies by F. Robb (pers.

comm.) indicate thata |fn‘0‘f-\ proportion of

Liiliid,

the kelp bed bacteria are adapted to the
rapld utilization of carbonydrates pro-
duced by kelp. Mannitol in particular is
metabolized extremely fast by such or-
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ganisms (see also Lucas et al. 1981; New-
ell and Lucas 1981). This suggested that
the presence of substrate-specific bacte-
ria might be used to follow the movement
of the water and to investigate the trans-
port of material; we discuss here aspects

S A 1. ~1 L
O1 Sucn amn applroacii umug llldllllllUl‘lb‘l‘

menting bacteria. We thank F. Robb and

W. Petrie for assistance throughout this
stndv. and T p Field for critical readinge

study, and Field for critical reading
of the manuscrlpt. Financial assistance
trom the South African National Com-
mittee for Oceanographic Research and
the National Research Institute for
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Oceanology of the CSIR is acknowl-
edged.

The study area at Oudekraal, Cape
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scribed in detail by Vehmlrov etal. (1977)
and Field et al. (1980). Water samples
were hl(pn at six stations a]nno' a transect
normal to the coastline (Flg l) Stations
1, 2, and 3 were in the inshore, mediate,
and offshore localities of the kelp bed as
defined by Velimirov et al. (1977) and sta-
tions 4, 5, and 6 over sand bottom at dis-
tances of 0.9, 2.0, and 4.5 km from the
coast.
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the surface from a boat with 5-liter NIO
b

bottles at stations 3-6 and

stations 1 and 2 to prevent dis
the kelp fronds in shallow water Repli—
cate 20-ml aliquots of the samples were
dispensed into sterile glass bottles, kept

in an insulated cool box, transported to
tha laharatary within R h and than kant
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at 4°-5°C. Plate counts of bacteria in sea-
water samples kept in this way remained
constant for at least 2 weeks.

The incubation medium used consist-
ed of 1% peptone (Oxoid) and 1% D-man-
nitol (Merck) in 0.2-um-filtered seawater
plus 2% of a 0.01% phenol red indicator
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Fig. 1. Cape Peninsula showing study area at
Oudekraal and stations 4 (0.9 km), 5 (2.0 km), and
6 (4.5 km) of the transect. Inserts show study area
on west coast of South Africa and detail of study
site; shaded area represents extent of kelp bed at
Oudekraal.

solution. The pH was adjusted to 7.9, that
of the seawater at Oudekraal. Two milli-
liters of this medium was pipetted into
each 7-ml Bijou bottle and autoclaved.

Table 1.
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The water samples were treated as fol-
lows; all were run in duplicate at 20°C.
One milliliter was pipetted into a Bijou
bottle of sterile medium on the day after
sampling and the time noted for the in-
dicator to turn yellow (pH 6.8), indicating
the production of acid by bacterial fer-
mentation of mannitol. This time is re-
ferred to below as “turning time.”

A sample of natural seawater, diluted
with sterile seawater to yield between 30
and 120 colonies, was streaked onto solid
agar (Difco) plates (Oppenheimer and
ZoBell 1952). Total numbers of bacteria
in seawater samples checked by acridine
orange direct counts after filtration onto
0.2-um Nuclepore polycarbonate filters
(Hobbie et al. 1977; Linley et al. 1981)
gave results similar to plate counts.

A sample from each colony on the agar
plate was transferred to a Bijou bottle
containing incubation medium (2 ml) to
test for fermentation of mannitol, and the
percentage of mannitolytic bacteria for
each station was thus calculated.

During the study period in February
1981 the variety of hydrographic condi-
tions ranged from active upwelling, with
associated low water temperatures, to the
relaxation phase of the upwelling cycle
with higher water temperatures. Carter
(1982) estimated that active upwelling is
characteristic of the study site for about
51% of the year, mainly in spring and
summer (Andrews and Hutchings 1980).
Turning times differ under the different
hydrographic conditions, being fairly
uniform along the transect during active
upwelling but exhibiting a strong gradi-
ent during the relaxation phase (Table 1).

“Turning times” (defined in text) in hours measured for each station along a 4.5-km transect

at Oudekraal, Cape Peninsula, for entire study period. Active upwelling was characterized by strong
offshore winds (18-20 m-s~1) and uniformly low surface water temperature, relaxation by light onshore
winds (1 m-s~!) and higher, variable surface water temperatures.

Station No.
Surface temp
Day 1 2 3 4 5 6 range (°C) Upwelling phase
1 19 Feb 1350 1350 1575 1770 19.75 19.75 15.0-16.0  relaxation
2 20 Feb 14.00 13.00 13.00 14.00 14.00 14.00 12.0-13.0 early active
3 21 Feb 13.00 14.00 14.00 14.00 14.00 14.00 10.0-11.0 active upwelling
4 22Feb 1450 1430 1500 1550 16.00 1550 12.0-15.0 early relaxation
5 23 Feb 1275 1125 1225 1275 1725 2275 12.5-14.0  relaxation
6 25 Feb 13.25 12.75 1225 1425 1525 14.25 10.5-11.5  active upwelling
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Table 2. Number of bacterial colonies isolated
from seawater samples during active upwelling (day
3) and relaxation phase of upwelling cycle (day 5)
for each station along a 4.5-km transect at Oude-
kraal, Cape Peninsula, and number of colonies
showing acid end products after incubation in 1%
mannitol medium (i.e. mannitolytic activity of bac-
teria).

No. colonies

Total No. showing acid
Sta. No. colonies on fermentation
agar plate of mannitol
Day 3
1 30 6
2 114 72
3 50 30
4 30 16
5 50 24
6 49 15
Day 5
1 44 31
2 43 37
3 43 42
4 80 73
5 49 27
6 37 0

During the relaxation phase when sur-
face water flow is onshore a strong gra-
dient of mannitolytic bacteria was also re-
corded (Table 2, Fig. 2). Whereas water
sampled in or close to the kelp bed con-
tained nearly 100% mannitolytic bacte-
ria, this percentage dropped to half at the
2-km station and no mannitol-fermenting
bacteria were found at the farthest,
4.5-km station. Evidently during the re-
laxation phase the nearshore water is
contained in a rather narrow band and
material from the kelp bed is localized in
the inshore region. Total bacterial num-
bers (AODC) ranged from 4.4 to 10.3 x
10%-ml~! with about 4.4 x 10%-ml~! at both
stations 5 and 6. This indicates that the
mannitolytic activity gradient is due to a
change in the composition of the micro-
heterotrophic community, not merely to a
decrease in bacterial standing stock with
distance offshore.

During active upwelling, with surface
water moving offshore, the percentage of
mannitolytic bacteria remained fairly high
along the entire transect. Up to 30% of
the plate count bacteria at the station 4.5
km offshore were mannitolytic and were
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Fig. 2. Percentage of mannitolytic bacteria at six
stations along a transect normal to shoreline mea-
sured during two hydrographic conditions. Stations
1-3 were in the kelp bed, stations 4-6 over sand
bottom. Solid line—active upwelling (21 February
1981); dashed line—relaxation phase (23 February
1981).

thus probably derived from the kelp bed
area (Fig. 2). Since mannitol fermenters
in the kelp bed form about 60% of the
microbial community, this indicates that
the bacteria are diluted two times during
transport from the kelp bed to the 4.5-km
station under active upwelling condi-
tions. The upwelling curve in Fig. 2 sug-
gests that mannitolytic bacteria could be
found up to 8 or 9 km offshore; this
distance could be even greater during
periods of sustained upwelling. Some
organic material from the kelp is un-
doubtedly also transported this far off-
shore, but the presence of the bacteria
does not give us information about how
much.

An interesting feature of our results is
that the proportion of mannitolytic bac-
teria at the inshore stations was markedly
lower during active upwelling than dur-
ing the relaxation phase. This seems to
suggest that the upwelling water which
is transported through the inshore region
already contains a bacterial population but
that this population lacks the ability to
ferment mannitol. These bacteria may be
forms present in deeper, offshore waters
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which are associated with the degrada-
tion of sinking organic matter derived
mainly from phytoplankton. Station 1
consistently had rather low proportions
of mannitolytic bacteria. The sheltered
nature of this station probably results in
less erosion of kelp fronds and in reduced
release of kelp-derived dissolved organic
matter (DOM), leading to a smaller pro-
portion of mannitolytic bacteria. This hy-
pothesis was confirmed by the presence
of lower concentrations of DOM at sta-
tion 1 than elsewhere along the transect.

The data show the existence of a spe-
cialized kelp bed bacterial community
characterized by its ability to ferment
mannitol from kelp. Offshore this com-
munity is replaced by bacteria which
cannot ferment mannitol, as indicated by
the low proportions of mannitolytic bac-
teria in offshore waters, particularly dur-
ing the relaxation phase of the upwelling
cycle (Fig. 2; see also the consistently
longer turning times of offshore samples
under relaxation conditions in Table 1).

Marine bacteria are often abundant and
can use organic material rapidly (Linley
and Newell 1981; Newell and Lucas
1981). These products may thus be pres-
ent in the water for very brief periods and
DOM concentrations are likely to repre-
sent only residual amounts, making
chemical measurements at low concen-
trations difficult. Specialized nearshore
bacteria are likely to be exported in bursts
with the pulsing of nearshore currents.
Bioassay of rapidly responding special-
ized bacteria appears to be a method well
suited to detecting water originating from
kelp beds or other macrophyte-dominat-
ed nearshore regions.
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Preliminary observations on the effects of looding and
desiccation upon the net photosynthetic rates of

high intertidal estuarine sediments!

Abstract—Measurements of gaseous CO,
exchange from high intertidal estuarine sedi-
ments revealed that net photosynthetic rates
of moist, unflooded sediments were maximal.
Flooding of moist sediments with 1-2 mm of
agitated seawater reduced net photosynthetic
rates by 48-66%. When moist sediments lost
10-15% of their water content CO, uptake de-
creased, and high rates of CO, evolution were
observed later as water losses continued.

To our knowledge there have been no
controlled experiments testing the effects
of flooding and desiccation on gas ex-
change rates of sediment samples from
intertidal zones in estuarine sediments.
The water content of intertidal sediment
varies with wetland topography, tidal
regimen, sediment type, and climate—
factors which vary with location and sea-
son. Within the same wetland the tidal
regimen varies daily leaving portions of
sediment flooded or exposed for varying
periods. The accuracy of our estimates of
wetland sediment productivity thus de-
pends upon the precision with which re-
sponses of the biota to periodic flooding
and desiccation are accounted for.
Knowledge of such responses is also im-
portant in evaluating the efficacy of wet-
land restoration efforts and some of the
effects of wetland development. Since the
methodology commonly used in estimat-
ing productivity involves flooding of sed-

1 This work was partially supported by the Uni-
versity of California Sea Grant College Program
(grant R/CZ-52) and by a University of California
Faculty Research Grant to B.E.M.

iments, our knowledge of the actual ef-
fects of flooding and desiccation is scant
and even conflicting (Leach 1970; Joint
1978). The availability of suitable gas ex-
change equipment capable of yielding
continuous measurements of gas ex-
change rates and environmental param-
eters under controlled conditions led us
to undertake a laboratory study of the ef-
fects of flooding and desiccation on moist
sediments from the high intertidal.

We thank M. Quammen and G. Shaffer
who collected some of the cores used in
this study, K. MacDonald and P. Nobel
for suggestions and calculations, and two
anonymous reviewers for constructive
criticisms.

Sediment samples were collected from
the high intertidal in the east arm of Mugu
Lagoon, U.S. Navy Pacific Missile Test
Center, about 15 km south of Oxnard,
Ventura County, California. The moist
core samples were taken by pressing a
glass cylinder (28-mm i.d. X 11 mm high)
into the sediment until the surface was
1-2 mm below the top edge of the cyl-
inder. A thin piece of plastic was then
pushed across the bottom of the cylinder
through the sediment and the assembly
lifted vertically, maintaining the integrity
of the core. The cylinder and core were
placed in a small plastic petri dish (i.d. of
the bottom, 35 mm; height, 10 mm) and
returned promptly to the laboratory where
the space between the outer edge of the
glass cylinder and the inner edge of the
petri dish bottom was filled with seawa-
ter to keep the cores saturated. The cores



